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Description

[0001] This invention relates to a needle assembly
that allows simultaneous injection and exhaust of fluid
for injection moulding, and in particular the injection and
exhaust of a gas.

[0002] In conventional gas assisted gas injection
moulding methods, a pre-filling of melt material is first
introduced into a mould. A gas is then injected within the
melt so creating a hollow or void within the melt that ex-
erts pressure throughout the cooling of the melt to com-
pensate for volumetric shrinkage. Typically, a first nee-
dle assembly is used to inject gas and when injection is
complete gas injection is ceased and gas is exhausted
through a second needle assembly; this exhaust occur-
ring after the melt has solidified. Hence, the injection and
exhaust steps do not overlap.

[0003] It is an object of the present invention to pro-
vide an apparatus and method wherein gas may be in-
jected within the mould component and simultaneously
exhausted therefrom using a single needle assembly. It
is a further object to provide simpler "high flow" needle
with no moving parts, having longer life and being less
prone to blockage by solidified polymer. Another object
is to provide circulation of gas within the mould during
simultaneous injection and exhaust.

[0004] According to a first aspect of the invention
there is provided a gas injection and exhaust needle as-
sembly for use in injection moulding comprising at least
two separate channels; a gas inlet channel and a gas
outlet channel and means for allowing the simultaneous
entry and exit of gas to the respective channels. This
means that only a single needle assembly is required;
in contrast to conventional arrangements that normally
require two needle assemblies. Naturally, operation and
cost advantages stem from the resultant simplification.
[0005] Preferably, the fluid outlet channel is the first
channel and fluid inlet channel is the second channel
and these channels are arranged substantially concen-
trically along the longitudinal axis of the needle, the first
channel surrounding the second channel.

[0006] Preferably, the first channel comprises an an-
nulus formed between an outer needle tube and aninner
needle tube and the second channel is within the inner
needle tube.

[0007] Actuating means may be provided to allow ax-
ial movement of the inner needle tube relative to the out-
er needle tube and the said axial movement may be
used to actuate a valve that allows or prevents flow of
fluid out of the first channel at the needle tip. The actu-
ating means may comprise a piston assembly wherein
fluid entering the needle assembly exerts a force upon
the piston and thereby provides axial movement of the
piston and the inner needle tube. This feature offers the
advantage of eliminating the need for motorised means
to actuate the assembly. Biasing means may provide a
force that opposes said movement of the piston under
the influence of fluid pressure.
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[0008] A rod may be provided within the inner needle
tube with an enlarged head portion near the needle tip.
This helps prevent blockage of the needle by solidified
melt.

[0009] Preferably, fluid flows from a needle assembly
fluid inlet through the first channel to the end tip of the
needle and then fluid flows from the end tip of the needle
through a second channel and through a channel in the
actuating means to a needle assembly fluid outlet.
[0010] The apparatus of the invention allows gas to
be injected into a polymer melt at the initial stage of
moulding and then assists in circulation of the gas within
the cavity during the cooling and packing stage of the
cycle.

[0011] According to another aspect the invention pro-
vides a needle for simultaneous injection and exhaust
of gas during injection moulding comprising an open end
which has a flow valve with no moving parts comprising
a plurality of individual flow channels sized such that in
use gas may freely flow through these channels but lig-
uid moulding material may not freely flow therethrough.
The depth/width of a flow channel is preferably between
0.01 and 0.1 mm, and more preferably between 0.1 and
0.05 mm.

[0012] The plurality of individual flow channels may
be provided by one or more washers. The flow channel
is formed on one face or both faces of the washer. A
plurality of channels may be provided on or within the
member or washer. Preferably, washers are arranged in
the form of a stack and held in place by a bolt or the like
that passes through a hole in the washer. The washer
is frequently circular in outline; however, other shapes
may be employed.

[0013] The flow channel may also be provided by a
helical member formed by spirally winding a strip of ma-
terial on a former. Spacer elements are provided be-
tween each turn of the material so as to form elongate
flow channels. While the former used to produce the spi-
ral is preferably generally circular in cross section other
shaped formers may be used; for example, a generally
square shaped former may be used to produce a "spiral"
that has four sides to each turn and is suitable for insert-
ing within a needle that has a generally square shaped
inner channel. The spacer elements may be provided
by strips attached to one surface of sheet material prior
to rolling on a former. Preferably, the spacer strips are
generally parallel and they provide a gap of up to 0.1
mm and typically a gap of between 0.01 and 0.05 mm
between each turn of the spiral. Strips may also be
formed integrally within the sheet material by providing
channels (typically 0.03 mm deep); preferably parallel
elongate channels formed by grinding or other known
means. Thus the strips so formed are those areas of the
sheet material without such channels. Preferably the
strips are inclined at an angle to the longitudinal axis of
the strip; this offers the advantage of helping to avoid
collapse of the strip as it is wound. Preferably, the angle
of inclination is in the range 10° to 60° and more pref-
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erably in the range 10° to 30° ; typically approximately
20°. A series of concentric rings with annular flow chan-
nels therebetween may be used instead of the spiral coil
arrangement described above. Less preferably, the flow
restrictor may comprise a matrix of channels having a
polygonal cross section formed by sets of parallel
sheets or wires each set being inclined at an acute angle
to the other set.

[0014] In another aspect the invention comprises a
method of gas injection moulding where melt is injected
into a mould and gas is injected into the melt via a gas
injection needle to form a gas cavity in the melt, wherein
the needle also provides a channel for simultaneous ex-
haust of gas from the cavity. This offers further advan-
tages over conventional methods since circulation of the
gas enhances cooling of the melt and thereby increases
productivity of a manufacturing facility.

[0015] Fluid injection and exhaust assemblies will
now be described by way of example only, with refer-
ence to the following schematic drawings in which:

Figure 1 is a sectioned perspective view of a needle
assembly according to a first embodiment of the in-
vention;

Figure 2 is an enlarged scale view of part of the nee-
dle assembly of Figure 1;

Figure 3 is a sectioned side elevation of the needle
assembly of Figure 1 with the needle in a closed
position;

Figure 4 is a sectioned side elevation of the needle
assembly of Figure 1 with the needle in an open po-
sition;

Figure 5 shows enlarged views of the needle tip of
the needle assembly of Figure 1 in closed and open
positions;

Figures 6 and 7 show an end view and a sectioned
side view of a needle assembly according to a sec-
ond embodiment of the invention;

Figure 8 shows a side view of a needle assembly
according to a third embodiment of the invention;
and

Figures 9 and 10 show how the spiral flow restrictor
of Figure 8 can be produced by cutting sheet mate-
rial and winding on a former.

[0016] Referring to a first embodiment of the inven-
tion, illustrated in Figure 1; a fluid injection and exhaust
needle assembly 10 having a mechanical flow valve;
comprises a main body 12 that is generally of tubular
construction having a female screw thread at either end
and a fluid inlet port 14 located in the side of the main
body 12 towards the lower end. The purpose of the inlet
port 14 is to allow liquid or gas to be supplied under pres-
sure to the needle assembly. A needle base flange
member 16 has a threaded portion adapted to engage
the female screw thread of the main body. A needle
comprises an outer tube 18 attached to the needle base
flange member 16 with an inner tube 20 located con-
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centrically therein, that in use moves axially relative to
the outer tube 18 (see below). Within the inner tube 20
is located an elongate rod 22 with an enlarged end tip
24 that is located proximal the tip of outer tube 18. A
sealing ring 26 made of resilient material is located be-
tween main body 12 and needle base flange 16.
[0017] Anabutmentdisc30islocated inside the upper
end of main body 12 and has flow channels 32 compris-
ing four circular apertures and rod retaining cavity 34. A
piston assembly 36 comprises piston sleeve 40, piston
disc 38 and piston head 44. The piston head has an an-
nular shaped seal member 46 to prevent leakage of fluid
between the piston wall and the inner wall of the tubular
body 12. The piston assembly is slideably mounted on
rod 22 so that is may slide between disc 30 towards nee-
dle base flange 16, towards which it is biased by means
of a helical compression spring 42. Spring 42 is located
around piston sleeve 40 and the ends of the spring abut
the lower surface of disc 30 and the upper surface of
piston disc 38.

[0018] A fluid outlet fitting 48 has a male thread at one
end adapted to engage the female thread at the upper
end of main body 12. The outlet fitting is of a generally
tubular construction having a central flow channel 50. A
shut-off valve (not shown) may be located downstream
of fluid outlet channel 50 to control pressurisation of fluid
within the assembly 10. Thus, when the valve is opened
fluid is vented to atmosphere and the fluid pressure de-
creases.

[0019] Operation of the needle assembly will now be
described by reference to figures 2 to 5. Figure 3 shows
the assembly in the closed position. Thus, the lower end
of needle inner tube 20 abuts against an inside rebate
of outer tube 18 (see Figure 5a) thereby preventing flow
of fluid out of the needle. When fluid is supplied under
pressure to the needle assembly via inlet port 14 it ex-
erts a force upon the lower face of piston disc 38 that
tends to slide the piston assembly on rod 22 towards the
upper end of the main body 12; this movement contin-
ues until the force so exerted is balanced by the axial
force exerted by spring 42 under compression. As piston
assembly 36 moves the inner tube 20, which is fixed at
the upper end to the lower end of piston head 44, moves
upwardly allowing fluid to pass out of the needle (see
Figure 5b). Thus, fluid flows through inlet 14 into the
main body 12 and then through an annulus, formed be-
tween the inner tube 20 and a central bore in needle
base flange 16, into an annular channel formed between
inner tube 20 and outer tube 18. When the needle as-
sembly is in this open position fluid may also flow from
the melt void into the needle tip initially through the an-
nulus formed between rod 22 and the inner tube 20, and
then through the annulus formed between the rod 22
and the piston sleeve 40, finally passing out of the nee-
dle assembly through flow channels 32 to the fluid outlet
channel 50.

[0020] During introduction of melt to the mould it is
important that the inner lower end of tube 18 abuts
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against either a rebate within outer tube 18 or the rod
tip 24 in order to prevent ingress of melt material within
the needle assembly 10.

[0021] When the needle assembly is in an open posi-
tion (see Figures 3, 5b and 5¢) fluid may be injected with-
in the melt. The fluid is preferably a gas such as nitrogen.
The gas may be chilled to enhance cooling of the melt.
It is preferable to use very cold gas; such as gas avail-
able from vaporisation of liquid gas; for example, liquid
nitrogen. The gas may be circulated within the gas void
formed within the melt during the moulding process. The
needle assembly of the invention advantageously al-
lows circulation of injected gas prior to exhaust of this
gas via the inner tube 20 of the needle. The needle is
designed so that fluid may be simultaneously injected
into the melt void and vented; hence the injection and
venting stages may overlap; control is provided by an
exhaust shut-off valve (not shown). Alternatively, water
may be injected within the mould to achieve the required
moulding and cooling effect.

[0022] A second embodiment of the invention is illus-
trated in Figures 6 and 7. This embodiment avoids the
need for the mechanical valve of the first embodiment,
provided by the piston assembly 36 and associated
parts, by utilising flow restrictors. Figure 6 shows a sec-
tioned side view of the end portion of a needle assembly
100 comprising an inner flow channel 102 and a sur-
rounding annular flow channel 104. A first flow restrictor
106 is provided at the end of inner flow channel 102 and
a second flow restrictor 108 is provided at the end of
annular flow channel 104. Flow restrictors 106 and 108
present a plurality of individual flow channels sized such
that in use gas may freely flow through these channels
but liquid moulding material may not freely flow there-
through. This is achieved by selection of appropriate di-
mensions for each flow channel.

[0023] First flow restrictor 106 comprises a stack of
sheet members 110; each sheet member having a gen-
erally "U-shaped cross section (see Figure 6). Individual
sheet members 110 may be produced by cutting a single
long sheet. The thickness of each sheet member 110 is
about 0.1 mm and the depth/width d of each flow chan-
nel formed by stacking the U-shaped members is pref-
erably within the range 0.02 to 0.05 mm.

[0024] Second flow restrictor 108 comprises a stack
of washers 112. Each washer 112 has a slot or channel
that extends diametrically across one face of the washer
part way therethrough. The slots comprise a pair of
North-South diametric slots 114a and 114b and a pair
of East-West diametric slots 116a and 116b. The depth
of these slots is preferably within the range 0.02 to 0.05
mm. Each washer has a centrally located hole sufficient-
ly large to surround the inner flow channel and so form
an annulus between this channel and the washer hole
that in use provides a passageway that allows gas to
flow out of the needle. Alternatively, flow restrictor 108
may be provided using washers that have a slot or chan-
nel on both sides of the washer. In this case these wash-
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ers are separated from each other in the stack by similar
sized standard washers that have no such slots or chan-
nels. The number and location of slots may vary accord-
ing to the size of the washer and other factors. In addi-
tion, such a configuration of slots can be used with both
the single sided slot washer 112 and the twin sided slot
washer. It should be noted that while the washer will fre-
quently be circular in outline that other shapes are pos-
sible such as square, rectangular, polygonal etc., in
which case the hole need not be centrally located.
[0025] Inner flow channel 102 has an end flange 118.
Flange 118 co-operates with the end of annular flow
channel 104 to hold flow restrictor 108 in place. Inner
flow channel 102 has four inner walls dimensioned such
that the rectangular shaped flow restrictor 108 closely
fits therein and is held in place by adhesive or equivalent
means.

[0026] In use, during injection moulding, high pres-
sure gas flows along annular flow channel 104 and exits
radially through flow restrictor 108 into the mould cavity.
Gas from the moult cavity returns by flowing axially
through inner flow channel 102, via flow restrictor 104.
Surprisingly, while the dimensions of the flow restrictor
flow channels allow flow of gas therethrough it has been
found that they do not allow the flow of injection mould-
ing materials. Therefore the flow restrictors act as a
valves; allowing gas flow but preventing liquid flow. This
offers advantages over known devices that rely on me-
chanical valve arrangements that are more complex and
subject to both wear and blockage. Alternatively, gas
may enter the mould cavity via inner flow channel 102
and return via annular flow channel 104.

[0027] A third embodiment of the invention is illustrat-
ed in Figure 8. This arrangement is similar to that de-
scribed above for the second embodiment apart from
the flow restrictor 120 located in the inner flow channel.
This embodiment of the invention employs a spiral
member 122 to provide the plurality of individual flow
channels. Spiral member 122 may be formed (see Fig-
ures 9 and 10) from sheet material 124 cut to appropri-
ate width W to form material strip 126; the strip 126 then
being coiled around a former 128; for example, in the
same way that a watch spring is formed. Flow channels
are ensured by providing spacer elements. This may
conveniently be provided by forming a series of parallel
spacer strips 130 on the sheet material. The spacer
strips 130 may be formed on the sheet material by the
electro-discharge machining method. The parallel strips
130 are inclined at an angle o of about 45° to the longi-
tudinal axis of the strip of material 124. Figure 9 shows
an end view of part of the spiral member 122 showing
how spacer strips 130 of generally rectangular cross
section provide a plurality of arcuate slots 132 that
present flow channels of the required dimension. The
spacers 130 are normally less than 0.1 mm. thickness
and preferably about 0.03 mm. thickness. Spiral mem-
ber 122 is held in place at the open end of the needle
by means of a retaining rod 128. Rod 128 may also be
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used as the former upon which strip 130 is wound in the
manufacture of the spiral.

[0028] Again, in use high pressure gas flows along the
annular flow channel and exits radially through flow re-
strictor 108 into the mould cavity. Gas from the moult
cavity returns by flowing axially through the inner flow
channel, via flow restrictor 120. Alternatively, gas may
enter the mould cavity via inner flow channel and return
via annular flow channel.

[0029] In use, gas flows through the flow channels at
high pressure; typically at up to 50 to 300 bar. The
number of washers that are stacked will determine the
flow obtained for a given pressure differential between
the needle and the moulding material void.

Claims

1. A gas injection and exhaust needle assembly for
use in injection moulding comprising at least two
separate channels; a gas inlet channel and a gas
outlet channel and means for allowing the simulta-
neous entry and exit of gas to the respective chan-
nels.

2. An assembly according to Claim 1 wherein at least
one of said channels comprises a flow restrictor
sized such that in use gas may freely flow through
the channel but liquid moulding material may not
freely flow therethrough.

3. An assembly according to Claim 2 wherein the flow
restrictor comprises a plurality of individual flow
channels.

4. An assembly according to Claim 3 wherein an indi-
vidual flow channel is between 0.01 and 0.05 mm
wide.

5. An assembly according to any preceding claim
wherein the gas inlet and gas outlet channels are
arranged substantially parallel to the longitudinal
axis of the needle.

6. An assembly according to any of Claims 2 to 5
wherein the gas inlet/gas outlet channel surrounds
the gas outlet/gas inlet channel respectively.

7. Aneedle according to any preceding claim wherein
the outlet of the gas outlet channel comprises a
member that constricts gas flow and has an outlet
aperture located at a peripheral point on the mem-
ber.

8. Aneedle according to Claim 7 wherein the member
comprises a washer or the like and the flow restric-
tor is located on or within the member or washer.
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9. A needle according to Claims 8 comprising a plu-
rality of identical members or washers in the form
of a stack.

10. A needle assembly according to any of Claims 2 to
9 wherein the flow restrictor further comprises a
strip of material spirally wound on a flat plane with
spacer elements provided between each turn of the
spiral.

11. A needle assembly according to Claim 10 wherein
the spacer elements provide a gap of between 0.01
and 0.05 mm between each turn of the spiral or be-
tween each concentric ring.

12. A needle according to Claims 10 or 11 wherein the
spacer elements are formed on the surface of a
metal spiral by the electro-discharge machining
method or chemical etching or mechanical grinding/
pressing.

13. A needle according to Claims 10 or 12 wherein the
spacer elements comprise a series of parallel strips
inclined at an angle o to the edge of the strip, where
o is in the range 10° to 60°.

14. A needle assembly according to Claims 2 to 9
wherein the flow restrictor further comprises a se-
ries of concentrically positioned rings with annular
flow channels therebetween.

15. A needle according to Claim 2 to 9 wherein the flow
restrictor further comprises a stack of parallel sheet
members; each sheet member comprising at least
one flow channel formed therein; the stack present-
ing a matrix of flow channels within the needle.

16. A needle according to Claim 15 wherein each sheet
member has a "U-shaped" cross section.

17. A method of gas injection moulding where melt is
injected into a mould and gas is injected into the
melt via a gas injection needle according to any of
Claims 1 to 16 to form a gas cavity in the melt,
wherein the needle also provides a channel for si-
multaneous exhaust of gas from the cavity.

18. A method of gas injection moulding comprising in-
jecting a melt into a mould and injecting gas into the
melt via a gas injection needle to form a gas cavity
in the melt wherein said needle also provides a
channel for simultaneous exhaust of gas from the
cavity.
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